Ventilator-associated pneumonia (VAP) is the most commonly-acquired infection in patients in intensive care units. We analyzed epidemiological and microbiological characteristics and the outcome, in a cohort of criticallyill patients with confirmed diagnosis of VAP. All patients who had been on mechanical ventilation (MV) for more than 48 hours were included in our study; material collection for microbiological analysis was done within the first 24 hours after beginning treatment or after changing antibiotics. There were 55/265 (20.7%) VAP cases diagnosed, at a rate of 21.6 episodes per 1,000 days of mechanical ventilation. Mean age of the patients was 66 years, with a mean APACHE II score of 26.7 + 7.0; male patients were more prevalent. The mortality rates in the intensive care unit (ICU) and during the hospital stay were 71% and 80%, respectively. MV duration in patients with VAP was 17 (range 3-43) days and among patients who had not developed VAP, 6 (2-32) days (p < 0.0001). 98.2% of the samples were positive, with a high prevalence of Gram-negative bacteria, mainly Acinetobacter calcoaceticus. Risk factors for death included age, MV duration and surgery. VAP incidence in this sample of critically-ill patients was high, with a high mortality rate. Control and prevention strategies based on continuing education of healthcare workers, developed by a multidisciplinary team, should be encouraged to minimize morbimortality of this infection.
Ventilator-associated pneumonia (VAP) is the main cause of nosocomial infection in an intensive-care setting. VAP diagnosis is difficult, due both to the lack of well-defined clinical criteria and the overlap of symptoms with those of nosocomial pneumonia. American medical literature states that the mean incidence rate of VAP is 7 cases per 1,000 days of mechanical ventilation, ranging from 1 to over 20 cases per 1,000 days of mechanical ventilation [1, 2] . VAP is the mainacquired infection during stay in an intensive care unit (ICU), diagnosed in up to 60% of patients. Its incidence varies from 23% to 28% in patients submitted to orotracheal intubation and mechanical ventilation, when we examine patients who do not have acute respiratory distress syndrome (ARDS) and 37% to 60% in patients with ARDS [3, 4] . Mortality rates associated with this condition are high, from 25% to 50%, and may reach 70% if the pulmonary infection is caused by multiresistant microorganisms [5, 6] .
Some predisposing factors, such as age, level of consciousness, trauma, burns, and the severity of the underlying disease are associated with a high risk for developing VAP; previous use of antibiotics and mechanical ventilation duration are the main factors involved. The highest rate of development of VAP occurs on about the fifth day of mechanical ventilation, reaching an incidence plateau after 15 days of mechanical ventilation, when the risk begins to fall, which explains the low rates of VAP observed in chronically-mechanically-ventilated patients [7] .
Though an etiological investigation, composed of quantitative cultures from VAP patients (bronchoalveolar lavage fluid obtained through bronchoscopy with or without a protected catheter or simply collected by tracheal aspiration) is important for the optimization of antibiotic use [8] , this recommendation is not universally accepted due to the lack of objective studies that demonstrate the benefit of these procedures [9] . There have been few trials made with criticallyill-patient populations concerning the importance of such data for clinical practice [10] .
We examined the epidemiological and microbiological characteristics and the outcome of critically-ill patients submitted to mechanical ventilation for 48 hours or more and who have clinical diagnosis of VAP.
Materials and Methods
Ours was an observational, prospective study of a consecutive cohort of patients in a 20-bed ICU of a tertiary teaching hospital, conducted during eight months (from October 1, 2003 to May 31, 2004) , after approval from the local ethics in research committee.
All patients in our hospital submitted to mechanical ventilation for more than 48 hours were included in the study. Clinical diagnosis of VAP was defined as the presence of a new and/or progressive lung infiltrate in a chest X-ray, associated with at least two of the following criteria: (1) purulent tracheal secretion; (2) white blood cell count > 12,000 or < 4,000/mm³ or bands count > 10%; (3) axillary temperature > 38°C or < 36°C; and (4) worsening of PaO 2 /FiO 2 ratio > 15% in the previous 48 hours.
Patients with a low-survival expectancy in 30 days, who were diagnosed with acquired-immunodeficiency syndrome, were under chemotherapy, were agranulocytopenic or who were submitted to noninvasive-mechanical ventilation were excluded from the study.
All patients included in the study were submitted to the collection of demographic data and other variables useful to calculate Acute Physiology and Chronic Health Evaluation II (APACHE II) [11] and the Sequential Organ Failure Assessment (SOFA) [12] scores, considering the worst scores in the previous 24 hours before inclusion in the study. Sepsisconsensus conference criteria [13] were used to define organic dysfunction, and the worst results obtained 24 hours before inclusion in the study, as well as results from the microbiological examination were used to calculate the Clinical Pulmonary Infection Score (CPIS) [14] . All patients were followed up until discharge from the hospital.
All patients were submitted to material collection for culture (bronchoalveolar lavage fluid, tracheal aspirate and blood culture), within the first 24 hours after the beginning of antibiotic treatment or after changing antibiotics. Preferentially, fluid material was collected through bronchoalveolar lavage by bronchoscopy, due to the high sensibility and specificity of diagnosis of this type of material [15] . However, when it was not possible to submit patients to bronchoscopy within the first 24 hours after beginning a new antibiotic, material collection was done through tracheal secretion aspiration. Parameters used to define infection were: bronchoalveolar lavage fluid by bronchoscopy > 10 4 colony-forming units (CFU)/mL and tracheal secretion aspiration > 10 6 CFU/mL [16] . All patients included in our study had been empirically treated with antibiotics according to a standard protocol ( Figure  1 ), elaborated by the ICU staff, together with the Infection Control Group, in February 2003; antibiotic therapy was considered adequate when the isolated microorganism was found susceptible to the prescribed antibiotic based on examination of the bronchoalveolar lavage fluid by bronchoscopy or through tracheal-secretion aspiration.
The following routine-care procedures were maintained for all patients submitted to mechanical ventilation: nurse and physiotherapist assistance, use of a filter Heat-Moisture Exchanger (HME), tracheal aspiration in a closed system, oral hygiene with chlorexidine, supraglotic aspiration and semirecumbent position. Systematic change of respiratory circuits was not routinely performed.
Patients included in the study were compared to patients without diagnosis of lung infection in relation to mechanical ventilation duration; the similarity among groups was analyzed through APACHE II and SOFA scores. Data were expressed as mean + standard deviation, median, and interquartil interval or percentages. Quantitative variables with a normal distribution were analyzed with parametric methods (Student-T test) and qualitative variables or irregularlydistributed variables were analyzed with non-parametric methods (Chi-square, Fisher exact and Mann Whitney tests).
Statistical significance was considered when p < 0.05 (2-tailed).
The patients were classified as clinical or surgical patients. Antibiotic prophylaxis had been prescribed to all surgical patients. Surgeries were classified as elective or non-elective.
Results
During the study period, 496 patients were submitted to mechanical ventilation; 265 of these patients were submitted to mechanical ventilation for at least 48 hours, for a total of 2,546 days of mechanical ventilation. In the subgroup of patients submitted to mechanical ventilation for more than 48 hours, there were 55 cases of VAP (20.7%), with a rate of 21.6 cases per 1,000 mechanical ventilation days.
The duration of mechanical ventilation in patients with VAP was 3 to 43 days, with median of 17 days. In patients without diagnosis of VAP, mechanical ventilation duration was 2 to 32 days, with median of 6 days (p < 0.0001, Figure 2 ). The main demographic characteristics of the patients who developed VAP are presented in Table 2 . Mean age was 66 years, with a prevalence of male patients and ICU and hospitalmortality rates were 71% and 80%, respectively.
At diagnosis of VAP, patients had been in the hospital, in the ICU and/or had been on mechanical ventilation for long periods. Moreover, VAP patients had longer total hospital and ICU stays, as well as lengthier total mechanical ventilation periods (Table 3) .
Among 55 patients with a clinical diagnosis of VAP, all but one was found to be infected based on microbiological analysis of bronchoalveolar lavage fluid or tracheal secretion, with a high prevalence of Gram-negative rods, mainly Acinetobacter calcoaceticus. Among blood cultures, only 58% showed growth of any microorganism (Table 4) .
Univariate analysis of patients with VAP demonstrated the following risk factors for mortality: age, mechanical ventilation duration and surgery. Clinical patients had significantly lower mortality rates. There was higher mortality among patients with inadequate empirical antibiotic therapy; however, this difference was not significant (Table 5) .
Outcome analysis of patients with positive blood cultures gave no significant differences, with 28/44 (64%) deaths and 4/11 (36.4%) hospital discharges (p = 0.09).
Clinical patients had both shorter ICU and hospital length of stay before VAP diagnosis, and lower prevalence of inadequate empirical antibiotic therapy than did surgical patients; this was especially evident among patients transferred from the emergency room. This may be the reason for the lower mortality rate in this group of patients (Table 6 ).
Discussion
VAP is the most common nosocomial infection in patients who need mechanical ventilation [1] ; the cumulative risk of developing pneumonia is 1% daily in these patients [9] . We found a 21% VAP incidence of, with longer mechanical ventilation duration in patients who developed infection, compared to patients without infection. Table 5 . Univariate analysis of characteristics of ventilator-associated pneumonia (VAP) patients divided according to mortality status Table 6 . Number of days that patients were in the hospital until ventilator-associated pneumonia diagnosis and number of patients with inadequate empirical antibiotic therapy [17] demonstrated that pneumonia is the leading cause of acquired infection in the ICU, with a prevalence of 46.9%. In the United States, another study with VAP patients found a 9.3% incidence rate [18] .
VAP is the most prevalent nosocomial infection; its high incidence in our sample could be a consequence of various factors, such as the severity of the underlying disease of patients included in the study (APACHE II score above 16), advanced age and prolonged mechanical ventilation duration. These factors, associated with the need for food administration through a nasogastric tube and prolonged sedation [19] are associated with a higher risk of developing VAP. In Brazil, epidemiological data on the incidence and prevalence of VAP in an ICU setting are rare, but some studies have demonstrated high prevalence rates (about 20% to 40%) [20, 21] .
In our study, ICU and hospital mortality rates were 71 and 80%, respectively. The risk of death in patients with ICUacquired pneumonia is 2 to 10 times higher [22, 23] . Although some analyses indicate that VAP is a severe disease, it has not yet been clearly demonstrated that pneumonia is a factor responsible for increased mortality, due to the difficulty in making the diagnosis, divergent clinical criteria among studies and lack of a standard test that allows objective diagnosis of this disease. However, necropsy data on 200 patients led to the conclusion that nosocomial pneumonia is responsible for 60% of fatal infections in hospitals, being the leading cause of death due to hospital-acquired infections [24] .
In spite of the high mortality rate among VAP patients, we observed that the risk factors associated with a poor prognosis were age, mechanical ventilation duration and patients submitted to surgical interventions, especially non-elective surgeries. Clinical patients had lower mortality rates, especially clinical patients transferred to the ICU from the emergency room.
Advanced age clearly affects the outcome of VAP patients, since older patients do not have significant functional reserves and usually have an unfavorable outcome when they are severely infectioned. Some studies have shown that advanced age is an independent and important mortality factor in patients with severe infections [25, 26] . Moreover, the longer the mechanical ventilation period, the longer the length of stay in the hospital and concurrently, the greater both the colonization rate and the incidence of resistant bacteria. There are reports [27, 28] of mortality rates of approximately 70% when resistant bacteria were involved in VAP.
The poor outcome in patients submitted to surgical interventions, especially non-elective surgeries, may be attributable to the fact that these surgeries can become contaminated, since these patients normally do not have adequate pre-surgical preparation. We found longer hospital stays and a higher prevalence of inadequate antibiotic therapy in this group of patients. On the other hand, clinical patients, especially those who were transferred from the emergency room, had shorter hospital stays and a lower prevalence of inadequate empirical antibiotic therapy, leading to lower mortality rates in this subgroup of patients.
Inadequate empirical antibiotic therapy choice increased mortality; however, this increase was not significant in our study. Changes in empirical antibiotic therapy were more common in patients who did not survive their disease episode. Many authors [22, [29] [30] [31] [32] have reported that initial inadequate antibiotic therapy is associated with poor prognosis and increased mortality rates, which ranged from 26% to 91% [22, [29] [30] [31] [32] . In critically-ill patients, such as those included in our study, inadequate antibiotic therapy may also result in decreased treatment efficacy, as well as delays in the administration of antibiotics.
Early introduction of broad-spectrum antibiotics, in patients with clinical suspicion of nosocomial pneumonia, decreases their bacterial load, minimizing risks and the potential devastating consequences of delays in therapy [33] . Clinical information about risk factors for the development of VAP, including comorbidities and previous use of antibiotics, may help to determine the best initial treatment choice.
Among the markers of disease severity, both APACHE II and SOFA scores did not differentiate patients who later survived from those who did not survive; consequently, different from previous studies [19] , the mortality rates of our VAP patients were not influenced by the previous health status of these patients. Consequently, pneumonia appears to be crucial for these patients, as it provoked high mortality rates.
We found that clinical diagnostic criteria were useful for investigating VAP patients; once means CPIS score was 9.0. + 1.8. Though some authors consider CPIS scores higher than 6.0 to give 100% specificity for VAP diagnosis [14] , we found mean values of CPIS scores markedly higher than 6.0. Besides clinical diagnosis, 98% of the patients included in our study had confirmation of VAP through bacteriological culture of bronchoalveolar lavage fluid, tracheal secretion and/or blood.
We suggest that clinical-radiological criteria may be used for the initial clinical diagnosis of VAP and local knowledge of the most prevalent microorganisms should be used to guide empirical antibiotic therapy. Wunderink et al. [34] reported that clinical findings were good predictors for VAP diagnosis, based on eight studies.
Gram-negative rods were the most frequent microorganisms in the cultures; Acinetobacter calcoaceticus was the most common species. This bacterium has been responsible for about 50% of the nosocomial infections acquired in our ICU; mechanical ventilation duration, time in the ICU and in the hospital were positively correlated with VAP diagnosis. Consequently, time in the hospital before VAP diagnosis is useful for defining adequate empirical antibiotic therapy choices, like mechanical ventilation duration and previous use of antibiotic therapy [35] .
Unexpectedly, we found a low prevalence of Staphylococcus aureus in the respiratory secretions of the patients; although this microorganism was present in 19% among patients who had positive blood cultures. Nonfermenting Gram-negative bacteria can mask Gram-positive bacterial growth [36] ; consequently, Staphylococcus aureus can become an important causative agent of VAP, especially in patients who have risk factors for VAP and are on mechanical ventilation for extended periods.
One of the greatest challenges in treating VAP patients is to establish an early and precise diagnosis. In patients with inadequate antibiotic therapy, delays in changing the therapeutic regimen can interfere unfavorably in the outcome of these patients [37] . When changes in antibiotics are based on early etiological diagnosis, patient outcome can improve [32] . The outcome of VAP depends on rapid identification of the causative microorganism; consequently, a well-equipped microbiology laboratory is essential.
Considering the high prevalence rates and high morbidity and mortality rates associated with VAP, prevention strategies are highly recommended and necessary. SENIC (Study on the Efficacy of Nosocomial Infection Control) concluded that about a third of all nosocomial infections could be prevented with adequate control and educational programs for healthcare workers [38] .
After our study, we changed the empirical therapy protocol for VAP patients in the ICU of our hospital, adjusting treatment according to the susceptibility profile of the most-commonlyisolated microorganisms, also taking into account mechanical ventilation duration, previous use of antibiotics and risk factors for acquisition of multi-resistant pathogens.
In conclusion, VAP incidence in this cohort of critically-ill patients was high, and there was a high mortality rate; it was evident that this is an important disease for this group of patients. Advanced age, prolonged mechanical ventilation duration and surgery were risk factors associated with high mortality rates.
Though clinical diagnosis is adequate, bacterial confirmation is recommended based on knowledge of local epidemiological and susceptibility profiles. As inadequate empirical antibiotic therapy is common, and frequent changes are made from the initial antibiotic therapy, prevention and control programs based on continuing medical education of health care workers should be encouraged in order to minimize the morbimortality rates of VAP in critically-ill patients.
